Animal studies have revealed the association between stearoyl-CoA desaturase 1 (SCD1) and obesity and insulin resistance. However, only a few studies have been undertaken in humans. We studied SCD1 in visceral adipose tissue (VAT) and subcutaneous adipose tissue (SAT) from morbidly obese patients and their association with insulin resistance, sterol regulatory element binding protein-1 (SREBP-1) and ATPase p97, proteins involved in SCD1 synthesis and degradation. The insulin resistance was calculated in 40 morbidly obese patients and 11 overweight controls. Measurements were made of VAT and SAT SCD1, SREBP-1 and ATPase p97 mRNA expression and protein levels. VAT and SAT SCD1 mRNA expression levels in the morbidly obese patients were significantly lower than in the controls (P = 0.006), whereas SCD1 protein levels were significantly higher (P < 0.001). In the morbidly obese patients, the VAT SCD1 protein levels were decreased in patients with higher insulin resistance (P = 0.007). However, SAT SCD1 protein levels were increased in morbidly obese patients with higher insulin resistance (P < 0.05). Multiple linear regressions in the morbidly obese patients showed that the variable associated with the SCD1 protein levels in VAT was insulin resistance, and the variables associated with SCD1 protein levels in SAT were body mass index (BMI) and ATPase p97. In conclusion, these data suggest that the regulation of SCD1 is altered in individuals with morbid obesity and that the SCD1 protein has a different regulation in the two adipose tissues, as well as being closely linked to the degree of insulin resistance.
INTRODUCTION
The regulation of fatty acid-oxidation, fatty acid-synthesis and storage all play a vital role in the maintenance of normal intracellular lipid concentrations (1, 2) . Studies in mice have shown that stearoyl-CoA desaturase 1 (SCD1) may be a key piece in these processes (3) . Recently, SCD1 was proposed to play a vital role in the explanation of obesity in Mediterranean countries (4) . SCD1 is an endoplasmic reticulum-bound enzyme that converts different saturated fatty acids into monounsaturated fatty acids (5) . The products of enzyme activity, monounsaturated fatty acids, regulate membrane fluidity, generate second messengers (6) and intervene in cell differentiation and apoptosis (7, 8) .
Experimental animal studies have revealed the association between SCD1 and obesity and insulin resistance (1, 9) . A high level of SCD1 favors the storage of fat (1) . The reduced adiposity in SCD -/-mice has been attributed to reduced lipid synthesis and increased lipid oxygenation (10) . Mice with a targeted disruption in the SCD1 gene are resistant to diet-induced weight gain and have increased insulin sensitivity compared with wild-type controls (7) . Additionally, loss of SCD1 activity is associated with greater insulin sensitivity in skeletal muscle (11) . However, a study in mice showed that SCD1 deficiency worsens the diabetes in obese mice (12) . SCD1 also protects against palmitate-induced cell injury (13) . However, total SCD1 deficiency represents an extreme phenotype that may not easily be compared with human physiology.
SCD1 is subject to transcription and enzyme activity regulation and an ubiquitin-
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Repression of the SCD1 gene expression by polyunsaturated fatty acids (PUFAs) has been shown to depend on sterol regulatory element binding protein-1 (SREBP-1). Besides, mRNA expression may differ according to the tissue examined (17, 18) . Different studies have shown the regulation of SCD1 synthesis and activity (14) (15) (16) (17) (18) . However, to our knowledge, little is known about SCD1 degradation. Moreover, only one report has described the role of ATPase p97 in SCD1 degradation (16) . ATPase p97 is a protein involved in the regulation of the proteasome-dependent degradation of SCD1. The influence of high insulin resistance on ATPase p97 expression is also unknown. However, only a few studies have been undertaken in humans, with most of these aimed at evaluating the desaturation indexes calculated from the composition of serum fatty acids (10, 19, 20) . These studies show discordant results concerning their relation with body mass index (BMI) and insulin resistance. A recent study showed that a high hepatic SCD1 activity index is associated with low liver fat content and high insulin sensitivity in obese participants (21) . These data, together with those from previous animal studies (2, 7, 8, 9, 11, 12) , suggest that SCD1 may be involved in the regulation of insulin resistance in obesity.
In light of the possible association of SCD1 with obesity and insulin resistance and that, as far as we are aware, no one has yet undertaken a simultaneous study of SCD1 in visceral adipose tissue (VAT) and subcutaneous adipose tissue (SAT) from morbidly obese patients, we aimed to (a) determine the differences between SCD1 in VAT and in SAT from morbidly obese patients; (b) evaluate the association of insulin resistance with SCD1 in VAT and SAT from morbidly obese patients; and (c) study the relation between SCD1 and SREBP-1 and ATPase p97, proteins involved in the regulation of the synthesis and proteasome-dependent degradation of SCD1, respectively.
MATERIALS AND METHODS

Subjects
The study included 40 morbidly obese individuals without type 2 diabetes mellitus and 11 controls who were overweight. The controls were selected with a similar BMI to the average BMI of the population they were taken from (27.5 ± 2.1 kg/m 2 ) (22) . An oral glucose tolerance test was performed in all patients to exclude the diabetic patients. None of the selected patients were diabetic or were receiving antilipidemic agents. The weight of all the individuals had been stable for at least 1 month. All the participants gave their informed consent, and the study was reviewed and approved by the Ethics and Research Committee of Carlos Haya Regional University Hospital, Malaga, Spain.
Laboratory Measurements
Blood samples were collected after a 12-h fast. The serum was separated and immediately frozen at -80°C. Serum biochemical parameters were measured in duplicate, as described (23) . The homeostasis model assessment of insulin resistance (HOMA-IR) was calculated from fasting insulin and glucose (24) . From other studies, we have seen that insulin resistance may affect the expression of different genes (12, 25, 26) . Therefore, the morbidly obese patients were classified into two groups (25) : nondiabetic morbidly obese with low insulin resistance (HOMA-IR <4.7) (MO-low-IR) and nondiabetic morbidly obese with high insulin resistance (HOMA-IR ≥4.7) (MO-IR).
Adipose Tissue Fatty Acid Composition
Total lipids from frozen VAT and SAT samples were extracted with chloroformmethanol 2:1 (v/v). The triglycerides were separated by thin-layer chromatography on silica gel plates (Merck, Darmstadt, Germany) with hexane-ethylic ether-acetic acid (80:20:2, v/v/v) as the developing solvent. Total lipids and triglycerides were analyzed as described (27) . SCD1 activity was calculated from total lipids as the ratio of 18:1(n-9)/18:0 and 16:1(n-7)/16:0 fatty acids.
Adipose Tissue mRNA
VAT and SAT were obtained in the fasting state from the morbidly obese patients during bariatric surgery and from the controls during surgery for hiatus hernia. The biopsy samples were washed in physiological saline and immediately frozen in liquid nitrogen. Biopsy samples were maintained at -80°C until analysis. Total RNA isolation was obtained using an RNeasy Lipid Tissue Mini Kit (Qiagen, Hamburg, Germany), as described (25) . mRNA expression was measured by semiquantitative real-time PCR. Gene expression was normalized to the housekeeping gene β-actin. Primers for the PCR were designed based on National Center for Biotechnology Information (NCBI) database sequences and obtained from Proligo (Sigma-Aldrich, St. Louis, MO) ( Table 1) .
Expression levels were quantified in arbitrary units using a five-point serially diluted cDNA standard curve run at the same time as the samples. SCD1, SREBP-1 (also called SREBF1), ATPase p97 (also called valosin-containing protein [VCD] ) and β-actin standards were generated by 
Adipose Tissue Proteins
Proteins were isolated from the adipose tissue as indicated in the protocol of NE-PER ® Nuclear and Cytoplasmic Extraction Reagents (Pierce Biotechnology, Rockford, IL, USA). Nuclear and cytoplasmic fractions were separated according to the manufacturer's instructions. SCD1, ATPase p97 and β-actin were analyzed in the cytoplasmic fraction. A 68-kDa band corresponding to the mature SREBP-1 was detected and quantified in the nuclear fraction. SCD1, SREBP-1, ATPase p97 and β-actin were detected by Western blotting using 10-20 μg protein fractionated in a 10% SDS-PAGE gel, followed by electrophoretic transfer to a polyvinylidence difluoride membrane at 15 V for 1 h (28). The membranes were blocked in Protein-Free Tween 20 Blocking Buffer (Pierce Biotechnology) overnight at 4°C. After washing with PBS + 0.05% Tween 20, membranes were incubated with monoclonal anti-SCD1 (Santa Cruz Biotechnology, Santa Cruz, CA, USA), anti-p97 ATPase (PROGEN Biotechnik, Heidelberg, Germany) or anti-β-actin (Sigma-Aldrich, St. Louis, MO, USA) at a dilution of 1:800, 1:10 or 1:1000, respectively, for 1 h at room temperature. For SREBP-1, membranes were incubated with polyclonal anti-SREBP-1 (Santa Cruz Biotechnology) at a dilution of 1:500 overnight at room temperature. Membranes were washed and incubated with horseradish peroxidase-conjugated secondary antibody (Promega, Madison, WI, USA) at a dilution of 1:20000, 1:500, 1:1000 or 1:5000, respectively, for 1 h at room temperature. The proteins were visualized with SuperSignal ® West Pico Chemiluminescent Substrate (Pierce Biotechnology) and quantified by an Auto-Chemi System (UVP, Upland, CA, USA) and the image acquisition analysis software Labworks 4.6 (UVP). The results were expressed as SCD1/β-actin, SREBP-1/ β-actin and ATPase p97/β-actin ratios.
Statistical Analysis
The statistical analysis was done with SPSS (Version 11.5 for Windows; SPSS, Chicago, IL, USA). Comparison between the results of the different groups was made with the Student t test or with one-way analysis of variance (ANOVA), and the post hoc analysis was done with the Duncan multiple range test. The Pearson correlation coefficient was calculated to estimate the linear correlations between variables. Multiple linear regressions were used to determine the association between variables. Values were considered to be statistically significant when P ≤ 0.05. The results are given as the mean ± SD. Table 2 summarizes the characteristics of the controls and the morbidly obese patients. Anthropometric data (weight, BMI and waist and hip circumferences) and serum free fatty acids and leptin were, as expected, significantly greater in the morbidly obese patients, although no significant differences were seen between the two groups of morbidly obese patients. No significant differences were found between the three groups of pa- The results are given as the mean ± SD. Comparison between the results of the three groups was made with one-way ANOVA, and the post hoc analysis was done with the Duncan multiple range test. Values were considered to be statistically significant when P ≤ 0.05. a Significant differences with the control group (P < 0.05). b Significant differences between the means of the 2 groups of morbidly obese patients (P < 0.05).
RESULTS
Anthropometric and Biochemical Characteristics
tients in serum glucose, cholesterol or triglycerides. Serum insulin and HOMA-IR in the morbidly obese patients with high insulin resistance were significantly higher than in those morbidly obese patients with low insulin resistance and the controls. Serum alanine aminotransferase in the morbidly obese patients with high insulin resistance was significantly higher than in those morbidly obese patients with low insulin resistance. Serum γ-glutamyltransferase in the morbidly obese patients with high insulin resistance was significantly higher than in controls, but was similar to morbidly obese patients with low insulin resistance. Serum adiponectin was significantly lower in the morbidly obese patients with high insulin resistance.
The VAT from the morbidly obese patients contained a significantly higher percentage of n-6 PUFAs ( Figure 1A ) and a lower percentage of saturated fatty acids in the triglycerides (24.6 ± 4.3 versus 32.0 ± 8.5, P = 0.024) than in the control group. The 18:1(n-9)/18:0 ratio in the total lipids of VAT and SAT from the morbidly obese patients was also significantly greater than that in the controls (VAT: 18.1 ± 4.6 versus 12.2 ± 4.0, P = 0.026; SAT: 17.3 ± 3.4 versus 11.5 ± 3.6, P = 0.004). The 16:1(n-7)/16:0 ratio in total lipids of VAT and SAT from the morbidly obese patients was greater than that in the controls, although not significantly (VAT: 0.23 ± 0.06 versus 0.19 ± 0.05, P = 0.345; SAT: 0.17 ± 0.04 versus 0.15 ± 0.05, P = 0.489). No significant differences were detected between the two groups of morbidly obese patients in percentages of fatty acids (data not shown) or in the SCD1 activity index in the VAT or SAT (Figure 1B, C) . No significant differences were found in the fatty acid composition according to sex (data not shown).
SCD1 mRNA Expression and Protein Levels
The SCD1 mRNA expression in VAT and SAT from the controls was significantly greater than that from the morbidly obese patients (VAT: 0.153 ± 0.032 versus 0.049 ± 0.035, P = 0.006; SAT: 0.020 ± 0.004 versus 0.012 ± 0.005, P = 0.036). The expression in VAT from the morbidly obese patients and controls was significantly greater than that in SAT (morbidly obese patients: 0.049 ± 0.035 versus 0.012 ± 0.005, P = 0.001; controls: 0.153 ± 0.032 versus 0.020 ± 0.004, P = 0.001). No significant differences were detected between the two groups of morbidly obese patients in VAT (P = 0.287) or SAT SCD1 mRNA expression (P = 0.155) (Figure 2A) . No significant differences were found in the SCD1 mRNA levels according to sex (data not shown).
In VAT, the mRNA levels were associated in a multiple linear regression model with the BMI (P < 0.001) and SREBP-1 levels (r 2 = 0.529, P = 0.041).
When only the morbidly obese patients were considered, the VAT SCD1 mRNA expression levels correlated significantly with the SREBP-1 levels (r = 0.425, P = 0.006), after adjusting for BMI. The variable that was associated with the VAT SCD1 mRNA expression levels in a mul- In SAT, the mRNA levels were associated in a multiple linear regression model with the BMI (P = 0.048) and the percentage of n-6 PUFAs in the SAT triglycerides (P = 0.043) (r 2 = 0.730). When only the morbidly obese patients were considered, the SAT SCD1 mRNA expression levels correlated significantly with the percentage of n-6 PUFAs in the SAT triglycerides (r = -0.495, P = 0.038), after adjusting for BMI. The variables that were associated with the SCD1 mRNA expression levels in a multiple linear regression model were BMI (P = 0.022) and percentage of n-6 PUFAs in the SAT triglycerides (P = 0.011) (r = 0.862, r 2 = 0.743), after adjusting the model for age, SREBP-1 levels and HOMA-IR. However, the SCD1 protein levels in the VAT and SAT were significantly higher in the morbidly obese patients than the controls (VAT: 139.4 ± 56.2 versus 62.5 ± 11.3, P < 0.001; SAT: 119.4 ± 13.7 versus 37.1 ± 9.9, P < 0.001). In the VAT from morbidly obese patients, the MO-low-IR was the group that had higher SCD1 protein levels (P = 0.007) ( Figure 2B ). However, the SAT SCD1 protein levels were significantly higher in the MO-IR group (P = 0.005) ( Figure 2B ). No significant differences were found in the SCD1 protein levels according to sex (data not shown). VAT and SAT SCD1 protein levels in the morbidly obese patients correlated negatively (r = -0.604, P = 0.006).
In VAT, SCD1 correlated significantly with weight (r = 0.550, P = 0.001), BMI (r = 0.550, P = 0.001) and 18:1(n-9)/18:0 ratio (r = 0.521, P = 0.001). A multiple linear regression model showed that the VAT SCD1 protein levels were associated with BMI (P < 0.001) and HOMA-IR (P = 0.007) (r 2 = 0.415). When only the morbidly obese patients were considered, the VAT SCD1 protein levels correlated significantly with HOMA-IR (r = -0.404, P = 0.030), after adjusting for BMI. HOMA-IR was also the variable that was associated with the VAT SCD1 protein levels in a multiple linear regression model (r 2 = 0.158, P = 0.036), adjusting the model for age, BMI and ATPase p97 levels. In SAT, the SCD1 protein levels were associated in a multiple linear regression model with the ATPase p97 levels (r 2 = 0.849, P = 0.048). When only the morbidly obese patients were considered, the SAT SCD1 protein levels correlated significantly with HOMA-IR (r = 0.552, P = 0.022) and ATPase p97 levels (r = -0.823, P = 0.023), after adjusting for BMI. The variable that was associated with the SCD1 protein levels in a multiple linear regression model was the SAT ATPase p97 level (r 2 = 0.526, P = 0.042), adjusting the model for age, BMI and HOMA-IR.
SREBP-1 mRNA Expression and Protein Levels
We determined whether the SCD1 mRNA expression levels were associated with the levels of SREBP-1. The expression in VAT from the morbidly obese patients and controls was significantly greater than that in SAT (morbidly obese patients: 0.0120 ± 0.0101 versus 0.0011 ± 0.0006, P = 0.001; controls: 0.027 ± 0.0172 versus 0.0020 ± 0.0014, P = 0.001). The SREBP-1 mRNA expression in VAT from the controls was significantly greater than that from the morbidly obese patients (0.027 ± 0.017 versus 0.012 ± 0.010, P = 0.014). No significant differences were detected between the two groups of morbidly obese patients in VAT (P = 0.416) ( Figure 3A) . No significant differences were detected between the three groups of patients in SAT (P = 0.526) ( Figure 3A) . No significant differences were found in the SREBP-1 mRNA levels according to sex (data not shown). These results were confirmed in VAT by Western blotting ( Figure 3B ). However, in SAT, the signal intensity measured using Western blotting was hardly detectable, with the results coinciding with those of the mRNA (data not shown).
In 0.008). In a multiple linear regression model, this association remained significant (r 2 = 0.405, P = 0.048) after adjusting the model for age, BMI and the percentage of n-6 PUFAs in triglycerides.
ATPase p97 mRNA Expression and ATPase p97 Protein Levels
We also studied ATPase p97, an integral protein in the molecular complex that degrades SCD1. The ATPase p97 mRNA expression in VAT and SAT from the controls was similar to that from the morbidly obese patients (VAT: 0.037 ± 0.017 versus 0.036 ± 0.016, P = 0.774; SAT: 0.019 ± 0.009 versus 0.020 ± 0.013, P = 0.824). The expression in VAT from the morbidly obese patients and controls was significantly greater than that in SAT (morbidly obese patients: 0.036 ± 0.016 versus 0.020 ± 0.013, P = 0.001; controls: 0.037 ± 0.017 versus 0.019 ± 0.009, P = 0.001). However, in VAT from the morbidly obese patients, the MO-IR group had the highest ATPase p97 mRNA expression levels (P = 0.014) ( Figure 4A ). The SAT ATPase p97 mRNA expression levels were similar in the three groups of morbidly obese patients ( Figure 4A ). No significant differences were found in the SCD1 protein levels according to sex (data not shown). These results were confirmed by Western blotting ( Figure 4B ).
In VAT, ATPase p97 levels correlated with the HOMA-IR (r = 0.373, P = 0.006), but not with the SCD1 protein levels. This association remained significant (P = 0.014) (r 2 = 0.155) after adjusting the multiple linear regression model for age, sex and BMI. When only the morbidly obese patients were considered, the correlation with HOMA-IR remained significant (r = 0.358, P = 0.015), even when the multiple linear regression model was adjusted for age, sex and BMI (r 2 = 0.146, P = 0.017).
In SAT, the APTase p97 levels did not correlate significantly with the HOMA-IR, although they did correlate with the SAT SCD1 protein levels (r = -0.541, P = 0.046). When only the morbidly obese patients were considered, the correlation with SAT SCD1 protein levels remained significant (r = -0.725, P = 0.042).
DISCUSSION
The most relevant findings in this study are (a) the discrepancy between SCD1 mRNA expression and SCD1 protein level in VAT and SAT; (b) VAT and SAT SCD1 protein levels are clearly raised in morbidly obese patients; (c) VAT and SAT show different SCD1 mRNA expression and protein levels; (d) SCD1 mRNA expression levels are mainly associated with BMI, SREBP-1 levels and the percentage of n-6 PUFAs in triglycerides; and (e) SCD1 protein levels vary according to insulin resistance and ATPase p97 levels.
Our results show a relationship between SCD1 mRNA and BMI, with lower mRNA expression levels in VAT and SAT from morbidly obese patients than from controls. Lappalainen et al. (29) also showed that the expression of SCD1 in human SAT is decreased in obese subjects. Yao-Borengasser et al. (20) showed that there was no significant relationship between adipose SCD1 mRNA expression and BMI. However, Hulver et al. (19) showed that SCD1 is upregulated in skeletal muscle of obese people and is connected with lipid metabolism and insulin sensitivity. Moreover, our results also show lower mRNA expression levels in SAT from morbidly obese patients and controls than in VAT. Thus, SCD1 mRNA expression in humans may differ according to the tissue examined, as has been found in animals (18) and with other genes (17) , and may suggest a different regulation of SCD1 mRNA expression in VAT and SAT. SCD1 mRNA expression is also highly regulated by fasting/refeeding. However, in our study, VAT and SAT samples were taken in the fasting state in all patients.
The associations found in our study between SCD1 mRNA expression and the n-6 PUFAs reflect the pretranslational regulation of SCD1 gene expression. The changes in mRNA stability are the most important factors affecting the abundance of SCD1 mRNA in adipocytes (14) . mRNA levels were repressed by 80% of the original levels when 3T3-L1 adipocytes were exposed to 300 μmol/L arachidonic acid. Treatment of 3T3-L1 adipocytes with arachidonic acid also caused a threefold decrease in the half-life of SCD1 mRNA (14) . n-6 PUFAs repress SCD1 gene expression by reducing the gene expression and maturation of SREBP-1 (8, 14) . As we saw, the n-6 PUFAs correlated negatively with SREBP-1, which was associated positively with SCD1 expression in VAT. In SAT, however, despite the presence of an association between the n-6 PUFAs and SCD1, this relation does not appear to be mediated by SREBP-1. Other transcription factors, such as Sp1, may be involved in the transcriptional regulation of SCD1 (30) . The SCD1 protein levels, however, were significantly raised in VAT and SAT from the morbidly obese patients, and they are associated with the 18:1(n-9)/18:0 activity index; 18:0 but not 16:0 is the preferred substrate of SCD1 in humans (31) . The discrepancy between SCD1 mRNA expression and SCD1 protein level may be for reasons that fall outside the scope of this study. Nevertheless, studies with other proteins have shown that dissociation between mRNA and protein levels is common (32, 33) . Impaired regulation of SCD1 protein degradation in adipose tissue may also be involved in the increase found in this protein in morbidly obese individuals. SCD1 is a protein for which activity is regulated only by its concentration (34) and that is rapidly degradated (14) . According to some studies, the amount of SCD1 protein does not depend just on mRNA expression (16, 35) . However, there is limited information on SCD1 protein degradation. A recent study suggested that SCD1 is degraded by proteasome-dependent endoplasmic reticulum-associated degradation (16) . In SAT, our results show that the ATPase p97 protein level, which is essential for proteasome-dependent endoplasmic reticulum-associated degradation, was the variable that best explained the SCD1 protein level. Although the characteristics of this study impede determining whether ATPase p97 is the cause of the reduction in the SCD1 protein level, our results show a correlation that might suggest the involvement of the endoplasmic reticulum-associated degradation pathway in controlling SAT SCD1 (16) . However, HOMA-IR is the main variable that is significantly associated with the SCD1 protein level in VAT, and it may be involved in its regulation. This index is a surrogate marker of insulin resistance, which partly reflects the insulin sensitivity. Nonetheless, other mechanisms must be involved in the explanation of SCD1 protein levels, such as an alteration in the posttranscriptional mRNA regulation. However, other experiments are needed to verify this hypothesis.
The mechanisms regulating obesity and insulin resistance are complex. Our results might suggest that SCD1 is an important factor in the control of obesity and insulin resistance, or perhaps a consequence. Previous studies have shown that SCD1 is associated with genes for which products are involved with lipid synthesis in adipocytes (20) . The high level of SCD1 shown in morbidly obese subjects can favor the storage of fat (1). The idea is coming about that, in a positive energy balance, the amount of stored fat may be less important than the storage capacity of adipose tissue as a predictor of insulin resistance (36) . Our results show that SCD1 protein levels in VAT were inversely associated with the insulin resistance. In the subjects with high insulin resistance, the VAT has lower levels of SCD1 protein and the SCD1 might increase in SAT, as shown by our results, or in muscle (10, 19, 37) , favoring the storage of lipids. The accumulation of triglycerides in nonadipose tissues, such as muscle or liver, appears to be a measure of state associated with insulin resistance (38, 39) . Others have suggested that elevated SCD1 activity in skeletal muscle may represent a progression of the metabolic syndrome (19) . However, Peter et al. (40) recently showed that high myocellular SCD1 activity protects from inflammation. Our results in visceral adipose tissue show that morbidly obese patients with low insulin resistance have high levels of SCD1 protein and a lower inflammatory response than individuals with high insulin resistance (41); in a previous study (41) , we found that morbidly obese patients with high insulin resistance showed significantly elevated levels of tumor necrosis factor-α, interleukin (IL)-1β and IL-6 compared with individuals with low insulin resistance. Higher liver transaminases in morbidly obese patients with high insulin resistance might also suggest a different amount of fatty liver (42) .
The underlying mechanisms for the different findings in VAT compared with SAT are unknown. The type of fat cells (adipocytes), their endocrine function, and response to insulin and other hormones differ between SAT and VAT. This might explain the tissue-specific dependent expression of SCD1. Also, VAT contains a greater number of large adipocytes in contrast to SAT, which contains small adipocytes. Small adipocytes are more insulin sensitive and have high avidity for free fatty acids and triglyceride uptake, preventing their deposition in non-adipose tissue (43, 44) .
In summary, we show that no concordance was found between SCD1 mRNA expression and the levels of SCD1 protein. The main conclusion is that SCD1 protein level is clearly raised in VAT and SAT from morbidly obese patients. However, a limitation of this study includes the small control group compared with the obese subjects and that we have no specific information regarding the dietary intake. Dietary intake plays an important role in the ratio of saturated to monounsaturated fatty acids. Experiments to analyze directly the SCD1 activity would give a more accurate measure of enzyme activity. In morbidly obese patients, SCD1 is associated with insulin resistance and could be considered a protective factor. The amount of VAT SCD1 protein was inversely related with the level of insulin resistance, whereas SAT SCD1 protein was directly related with the level of ATPase p97, a protein involved in its degradation. Like other studies (20, 45) , these results show that SCD1 in morbidly obese patients is related to obesity and insulin resistance. Nevertheless, the characteristics of this study impede determining whether the levels of SCD1 protein are a cause of obesity or insulin resistance or rather just a consequence. Additional studies in humans using different tissues should be carried out to show in-depth the mechanism by which SCD1 can be regulated in states of insulin resistance and in obesity.
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